A set of 142 strains of yeasts, originally described as Debaryomyces species, were examined for 64 morphological, physiological and serological characters and the results were subjected to numerical analysis. Three phenons and one individual strain emerged at the 77 % similarity level. The first two phenons were each divided into three subphenons at the 85 % similarity level. Assimilation of n-alkanes (c6 to c16) was most useful for the division of strains into the three phenons. The data agree with the published results of % GC content.
INTRODUCTION
The genus Debaryomyces Lodder & Kreger-van Rij comprises yeasts with globose or ellipsoidal cells, which reproduce by multilateral budding. Pseudomycelium may be formed. Heterogamous conjugation, between mother cell and bud, generally precedes ascus formation, but isogamous conjugation also occurs. The spores are spherical or oval with 'warty' walls. One or two spores are usually formed per ascus but in some species up to four may be present. Fermentation is slow, weak or absent; nitrate is not assimilated (Lodder, 1970) .
Debaryomyces species are ubiquitous, occurring in soil, in water, on plants etc. They assimilate a large number of sugars and polyols, including pentoses, starch and inulin (Lodder, 1970) and phenol and catechol (Rao & Bhat, 1971) . Strains are osmophilic and halophilic, tolerating more than 24 % NaCl in the medium (Norkrans, 1966 (Norkrans, , 1968 Norkrans & Kylin, 1969; Gezelius & Norkrans, 1970 This paper presents the results of the numerical evaluation of 142 strains of Debaryomyces on the basis of 64 characters. Culture morphology. Pseudomycelium was demonstrated on slides with onion agar (250 g peeled onion was boiled with I 1 water, filtered and I g glucose 1-1 and 15 g agar 1-1 were added) by a method described by Langeron (1945) . For the description of growth in liquid media, beer wort was used. Giant colonies on wort agar were studied during 3 weeks cultivation at room temperature; the diameter of the colony was measured after I, 7,14 and 21 days and the average radial growth rate was calculated as the increase in diameter (mm) in IOO h.
Physiological characters. Growth at 5 and 42 "C on wort agar was compared visually with cultures grown at 28 "C. Sporulation activity was estimated on Fowell agar containing 5 g sodium acetate 1-1 by counting the number of sporulation elements (spores, asci, zygotes) within a set of 500 cells. Tolerance to ethanol was studied in beer wort containing I, 4, 8, 12, 16 or 18 % (v/v) ethanol and the growth limiting concentration was noted. Osmophily was determined in a solution of 4 g powdered yeast extract I-1 containing either 600 g sucrose 1-1 or IOO g glucose 1-1 and 50 g NaCl 1-I; growth was compared with that in yeast extract containing 20 g glucose 1-I by measuring turbidity in a nephelometer. Halophily was tested in medium containing 4 g yeast extract I-' supplemented with 20 g glucose 1-1 and 100, 150 or 200 g NaCl1-l. Vitamin requirement was tested in Difco Bacto-vitamin-free yeast base; the culture was transferred twice into fresh medium with a I week interval and the turbidity of the culture was then compared with that of a culture grown in medium supplemented with vitamins (Lodder, 1970, p. 82) . The autolysis rate was measured on 3-day-old yeast cultures from wort agar; yeast cells corresponding to about I mg dry wt were transferred into 15 ml distilled water, incubated for 17 h at 50 "C, centrifuged, and then the content of amino-nitrogen in the supernatant was determined by a method described by Herbert, Phipps & Strange (1971) . Catalase activity was measured according to Lang & Bohm (1961) ~ the remaining H,Oa being determined by titration with KMnO,; the catalase in control samples was inactivated by simultaneous incubation at 100 "C. The phosphomolybdic acid test was carried out according to Holland & Kunz (1961) and KockovB-Kratochvilovh & Vojtkovh-LepSikovB (1963) on agar medium containing 10 g peptone I-l, 40 g sucrose I-l, and 15 g agar l-l, supplemented with 125 g phosphomolybdic acid 1-l; the colour of the smear was recorded after 3 days incubation at 28 "C. Assimilation of sugars and other carbon and nitrogen sources was tested using Difco Bacto-yeast carbon base or Bacto-yeast nitrogen base agar on the surface of which were placed filter paper discs, which had been soaked with 50 g test substance I-' and sterilized by ultraviolet light.
Theutilization of rafiose is an important taxonomic character and depends on the presence of the enzymes ,8-fructofuranosidase, a-glucosidase and a-galactosidase. Metabolic products of raffiose (D-galactose, melibiose and sucrose) were determined chromatographically (KockovB-Kratochvilova, Voj tkovB-LepSikovA & Fischerovh, 1959) using diphenylamine for detection.
The assimilation of ethanol, ethanediol and glycerol was evaluated in liquid medium with the alcohol as sole source of carbon using Bacto-yeast nitrogen base. The assimilation of n-alkanes ( c 6 to c 1 6 ) was tested as described by Markowetz & Kallio (1964) . The growth on Bacto-yeast nitrogen base agar was compared visually with control samples on the same medium containing glucose as a carbon source.
Serological tests. Rabbit sera against Debaryomyces hansenii C C Y~I -6-2 and Pichia membranaefaciens ccy3g-1-4 were kindly supplied by Dr J. Sandula; the simple agglutination test was done in tubes.
Efect of inhibitory substances. Inhibition by actidione was estimated by the disc method (I, 50 or IOO ,ug actidione per disc), measuring the diameter of the clear zone around the disc after incubation on beer wort agar at 28 "C. The inhibitory effect of 20 g DL-lactic acid 1-1 or 20 g DL-tartaric acid 1-1 was measured nephelometrically in a medium containing 4 g powdered yeast extract 1-1 and 20 g glucose I-' by comparing the absorbance of the test broth with that of a control.
Coding of features for computation. Features existing in two mutually exclusive states were scored as I or 0. Other qualitative features were divided into three or more mutually exclusive states, e.g. character of giant colonies, growth in liquid media, type of pseudomycelium. Multistate quantitative characters were divided into states according to the frequency distribution curves, e.g. cell sizes, radial growth rate, inhibition tests. The non-additive code in the o and I scale was used for more than two-state characters.
Computation. The similarity between strains was computed by the 'matching' coefficient method of Sokal & Michener (1958); both positive and negative matches were included. This coefficient (SyM) was calculated from the equations:
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and d;k = -(which are valid for the 0-1 scale used) where q and x k are matches for strains j and k, n is the number of matches included in the calculation and djk is the taxonomic distance between strains j and k. The dendrogram was prepared by the method of unweighted average linkage (Sokal & Sneath, 1963) . The homogeneity of clusters was checked using the xa test. Single phenons at the 77 % similarity level were characterized according to the percentage frequency of positive characters (Goodfellow, 1971) . The individual phenons were named according to the centroid strain or group of strains.
The calculations were programmed in Algol and carried out on the Gier I11 computer at the Institute of Technical Cybernetics of the Slovak Academy of Sciences, Bratislava.
RESULTS A N D DISCUSSION
Formation of phenons
The 142 strains of the genus Debaryomyces were classified into three phenons (A, B and C) and one individual strain (phenon D) at the 77.7 % similarity level (Fig. I) . Phenon A contained 62 strains and was divided at the level of 82.2 % of average similarity into three subphenons : I, cantareilii; 11, castellii; and 111, formicarius. Phenon B contained 61 strains and was divided at the level of 84-6 % of average similarity into three subphenons: I, hansenii; 11, tyrocola; and 111, coudertii. Phenon C contained 18 strains at the level of 81.8 % of average similarity and was named torulaspora. (It was given this name because most of the strains originally described as of the genus Torulaspora were included in this phenon.) The individual strain, the type culture of D . tamarii, will be the subject of a future communication. 33 5 
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Characteristics of the phenons The characteristics of the taxa are given in Table 2 . The characters which differentiate phenons A, B and C are given in Table 3 . Whilst phenon C is clearly separated from the other two, phenons A and B are only reliably separated on the basis of their different GC contents. The difference, however, is slight and further evaluation of the position of these phenons is probably required.
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A. KOCKOVA-KRATOCHV~LOVA, E. SLAVIKOVA A N D v. J E N S E N The distinctive features of each phenon are as follows : Phenon A . Cells are ellipsoidal to elongated, tend to form dendroidal pseudomycelium, have a fast radial growth rate, low tolerance to ethanol, 60 % sucrose and 10 % NaCl, are resistant to actidione, lactic acid and tartaric acid, and are agglutinated by P. membranaefaciens antiserum.
Phenon B. Cells are spherical to slightly ellipsoidal with a high surface:volume ratio and a high correlation coefficient between cell length and width. They have no pseudomycelium, are able to grow at 5 "C, but grow only slightly or not at all at 42 "C. They require vitamins, slowly autolyse and show very weak or no fermentation of glucose and sucrose, but assimilate arabinose. They do not sporulate, and are sensitive to actidione, lactic acid and tartaric acid.
Phenon C. Cells are spherical or ellipsoidal, their surface:volume ratio is between 1.0 and 1'3, in keeping with diploid cells, and they have a high correlation coefficient between cell length and width. They have no pseudomycelium, have a slow radial growth rate, high osmophily and low halophily, rapidly ferment glucose, galactose and sucrose, assimilate sorbose but not soluble starch or galactitol, are sensitive to actidione, turn phosphomolybdic acid medium blue, and do not agglutinate with D. hansenii or P . membranaefaciens antiserum.
The characters for differentiating the three subphenons of phenon A are given in Table   4 . The subphenons of phenon B could be differentiated on the basis of their different catalase activities and colour produced on phosphomolybdic acid medium (see Table 2 ) . Phenon C resembles those groups of Saccharomyces sensu lato in which two proliferating cells unite before ascus formation, i.e. S. bailii, S. fermentati, S. delbrueckii (KockoviKratochvilovk & Nakase, 1971 ; Kockovi-Kratochvilovi, 1976) . The GC content of these Saccharomyces groups varies from 40.0 to 44-1 mol % (Yarrow & Nakase, 1975) . A number of other morphological and physiological features of these Saccharomyces groups and Taxonomy of Debaryomyces 267 phenon C are also similar. We therefore propose to combine the above mentioned groups into one group named torulaspora, which corresponds to the genus Torulaspora Lindner in classical taxonomy.
Recently, the heterogeneity of Saccharomyces, Debaryomyces and related genera has been discussed. Yarrow & Nakase (1975) reported the GC content of 48 species of Saccharomyces sensu lato and classified these strains into four groups, only the first of which could be considered as Saccharomyces sensu stricto. Similarly, van der Walt & Johannsen (I 975) proposed the name Torulaspora Lindner for a number of different species, including the whole genus Debaryomyces. Kurtzman & Baker (1975) published scanning electron micrographs of spores of various strains previously classified in the genus Saccharomyces (S. pretoriensis, S. microellipsodes) and demonstrated the rough surface of their spore walls, a characteristic which is sufficient for separating these species from Saccharomyces sensu stricto.
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